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INTRODUCTION
Grape	 polyphenols	 give	 these	 fruits	 and	
products	 derived	 from	 them	 many	 biological	
properties	 with	 a	 positive	 impact	 on	 human	





is	 found	 in	 the	 seeds	 and	 husks	 of	 the	 grapes,	
while	 the	 flesh	 contains	 a	 small	 amount	 of	 such	
compounds.	 Also,	 the	 amount	 and	 the	 profile	 of	
polyphenols	vary	depending	on	the	variety,	climate,	
soil	 composition,	 and	 cultivation	 techniques.	
Polyphenols	 are	 secondary	 metabolites	 that	 are	
synthesized	in	large	amounts	in	the	case	of	fungal	




From	 grapes,	 must	 and	 wine	 are	 produced,	
but	 they	 are	 also	 used	 to	 obtain	 non-alcoholic	
beverages.	 For	 this	 reason,	 we	 want	 to	 find	 the	
optimum	 technology	 so	 that	 the	 polyphenols	 in	
the	grape	skin	can	be	extracted	more	efficiently.
In	 the	 last	 years,	 unconventional	 extraction	
methods,	 known	 as	 “green”	 technologies	 (ultra-
sound,	 microwave-assisted	 extraction,	 pulsed	
electric	 field)	 were	 applied	 to	 winemaking	
techniques	 in	 order	 to	 increase	 the	 extraction	
of	 bioactive	 compounds	 (Azmir	 et al.,	 2013).	
PEF	 treatment	 is	 an	 alternative	 to	 processing	
raw	material,	 especially	 fruit,	 in	 order	 to	 obtain	
high	 quality	 products	 that	 are	 rich	 in	 bioactive	
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compounds.	 Most	 often,	 PEF	 treatment	 is	 used	
for	liquids,	for	example	juices,	dairy	products,	and	
alcoholic	beverages	(Kumar	et al.,	2016).	Some	of	
the	 advantages	 of	 the	 PEF	 treatment	 compared	
to	 conventional	 treatments	 are:	 the	 use	 of	 low	










mation	of	pores	in	membranes,	which	enables	the	transfer of cell content on the outside or cell de-
struction.	Due	to	the	property	of	cell	destruction,	
PEF	treatment	 is	applied	 in	 food	 industry	and	to	












1. Grape samples and PEF treatment.
Two	varieties	of	grapes,	a	white	one,	Muscat	
Ottonel	 (MO),	 and	 a	 red	 one,	 Pinot	 Noir	 (PN),	
were	 harvested	 in	 the	 Crişana-Santimreu	 vine-
yard,	 Romania,	 in	 2015	 and	 transported	 to	 the	
laboratory,	where	they	were	washed,	declustered	
and	 crushed,	 resulting	 in	 a	 mash	 (a	 mixture	 of	
skins,	 seeds,	 and	 must)	 that	 was	 divided	 into	 3	
parts.	A	part	was	treated	in	PEF,	and	the	samples	
were	 labeled	 MO-PEF	 and	 PN-PEF.	 The	 second	
part	was	homogenized	using	a	laboratory	blender,	
then	it	was	treated	in	PEF,	while	the	samples	were	
labeled	 MO-PEF*	 and	 PN-PEF*.	 The	 third	 part	
was	not	treated	in	PEF	and	represents	the	control	sample.
For	PEF	 treatment	we	used	 a	 system	of	 two	conductor drums that rotate in opposite direc-
tions	 and	 train	 the	 mash.	 Inclined	 grooves	 are	
applied	on	the	surface	of	 the	 two	drums,	 the	an-
gle	of	inclination	being	chosen	so	that	the	end	of	









decreasing	 voltage-current	 characteristic.	 In	 this	
way,	the	discharge	takes	place	in	an	area	at	a	cer-





strength	 that	 is	 favorable	 to	 the	 initiation	 of	 the	
electrical	discharge.
In	 the	 case	 of	 this	 treatment,	 the	 following	
characteristics	were	 applied:	 the	 intensity	of	 the	
electric	current	did	not	exceed	2A,	the	pulse	dura-
tion	was	about	20	µs.
After	 applying	 PEF	 treatment,	 the	 samples	
were	centrifuged	at	5000	rpm	for	20	minutes	and	
from	 the	 supernatant	 the	 physical-chemical	 and	
biochemical	 analyses,	 that	 are	 described	 below,	
were	 determined,	 and	 the	 experimental	 plan	 is	
shown	in	Fig.	1.	
2. Chemicals.	 Folin-Ciocalteu’s,	DPPH	 (2,2-di-
phenyl-1-pi	crylhy	drazyl),	 TPTZ	 (ferrous	 tripyri-
dyltriazine),	 ABTS	 (2,2′-Azino-bis(3-ethyl	benzo-
thiazoline-6-sulfonic	 acid)	 diammonium	 salt),	
Trolox	 reagents	 were	 purchased	 from	 Sigma-Al-drich. All	 other	 reagents	 used	were	 of	 analytical	
purity.




pH,	 titratable	 acidity	 (g	 tartaric	 acid/L),	 and	 the	
refractive	index	(degrees	Brix).
4. Determination of bioactive compounds. The	
total	polyphenol	content	(TPh)	was	determined	by	
the	Folin-Ciocalteu	method	(Singleton,	1999)	using	
gallic	 acid	 as	 standard	 to	 obtain	 the	 calibration	
curve	 (y=26.82x+0.035,	 R2=0.982).	 The	 results	
were	expressed	in	mg	GAE/L.	The	total	flavonoid	
content	 (TFlav)	 of	 the	 samples	 was	 determined	
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using	the	aluminum	chloride	colorimetric	method	
(Kim	 et al.,	 2013).	 Quercetin	 was	 used	 as	 a	
standard,	 and	 the	 results	were	 expressed	 as	mg	
quercetin	 equivalents	 (QE)/L	 (y=0.515x+0.046,	
R2=0.992).	 The	 total	 monomeric	 anthocyanin	
pigment	 content	 (MAP)	 was	 determined	 by	 the	
pH-differential	 method	 (Giusti	 and	 Wrolstad,	

















5. Antioxidant capacity. The	 antioxidant	
capacity	of	the	mash,	treated	or	untreated	in	PEF,	
was	 determined	 by	 three	 methods.	 The	 ability	
to	 remove	 the	 free	 radicals	 of	 the	 samples	 was	
performed	by	 the	 in vitro DPPH	method	 (Brand-
Williams	et al., 1995).	Trolox	was	used	as	standard	
to	 obtain	 the	 calibration	 curve	 (y=1042x-1.425),	
and	the	results	were	expressed	in	mmol	TE/L.	The	
FRAP	method	was	used	to	measure	the	power	of	
reduction	 of	 the	mash	 samples	 according	 to	 the	
method	 described	 by	 (Benzie	 and	 Strain,	 1996),	
with	minor	 changes.	 The	method	 consists	 in	 the 
reduction	 of	 ferric	 tripyridyltriazine	 complex	
[Fe(III)-TPTZ]	 by	 a	 reductant,	 at	 an	 acid	 pH.	
Trolox	 was	 used	 to	 obtain	 the	 calibration	 curve 
(y=	 14.91x+0.0115,	 R2=0.988),	 and the results 
were	expressed	in	mmol	TE/L.	The	TEAC	method	
is	based	on	the	ability	of	antioxidants	to	decrease	






The	 statistical	 analysis	of	 the	data	was	done	
using	PAST	(PAleolontological	Statistical	software,	
Hammer	 &	 Harper,	 2005).	 The	 bio	active	 com-
pounds,	 antioxidation	 capacities	 and	 separately	
the	physical-chemical	parameters	were	processed	
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RESULTS AND DISCUSSIONS
The effect of PEF treatment on the oenological 
parameters (pH, titratable acidity, and degrees 
Brix) of the mash samples.


















Types of samples pH Acidity Brix
mMO 3.48c	±0.041 5.82cd±0.076 20.47b	±0.446
mMO_PEF 3.76a	±0.024 5.94c	±0.023 20.93ab±0.234
mMO_PEF* 3.67b	±0.031 6.29b±0.240 21.02a±0.041
mPN 3.52c	±0.070 5.61d	±0.194 18.97d	±0.052
mPN_PEF 3.36d	±0.052 6.13bc	±0.230 19.90c	±0.089




























MO-PEF	 and	MO-PEF*;	 4.9%	 and	 9,75%	 for	 PN-
PEF	and	PN-PEF*).	In	the	Fig.2	is	shown	the	rela-
tive	 ratios	 of	 oenological	 parameters	 in	 samples	
treated	 in	 PEF	 compared	 to	 the	 control	 sample.	
Similar	 results	 were	 obtained	 by	 López-Giral	 et 
al.,	2013,	who	achieved	significant	increases	of	the	








The effect of PEF treatment on bioactive 
compounds (TPh, TFlav, MAP) of the mash samples 
of two varieties of grapes.
After	applying	PEF	treatment	both	to	the	mash	
obtained	 from	 declustered	 and	 crushed	 grapes,	
and	 to	 the	 homogenized	 mash,	 we	 determined	
through	the	spectrophotometric	method	the	total	
polyphenol	 content,	 the	 total	 flavonoid	 content,	
and	 the	monomeric	 anthocyanin	 pigment.	 These	
results	are	shown	in	Tab.	2.	
Of	 the	 two	 studied	 varieties,	 the	 largest	
amount	 of	 TPh	 was	 obtained	 in	 the	 case	 of	 PN	
grapes,	 followed	by	MO.	When	treating	the	mash	
in	PEF	for	both	varieties	of	grapes	we	noticed	sig-
nificant	 increases	 in	polyphenols	 and	 flavonoids.	
When	applying	PEF	treatment	to	the	mash	result-
ing	 from	 crushing	 MO	 grapes	 we	 observed	 in-
creases	 in	 the	TPh	 content	 2.28,	 and	8.77	 times,	
respectively,	for	MO-PEF	and	MO-PEF*.	When	ap-
plying	PEF	treatment	to	PN	grapes,	TPh	increased	
3.15,	 and	 11.99	 times,	 respectively,	 for	 PN-PEF	
and	 PN-PEF*.	 Regarding	 the	 total	 flavonoid	 con-
tent,	 the	 flavonoids	 were	 much	 better	 extracted	
by	 applying	 PEF	 treatment.	 Significant	 increases	
in	 the	 total	 flavonoid	 content	 were	 obtained	 for	
both	varieties	of	grapes.	Thus,	when	applying	PEF	




37.09	 times,	 respectively,	 for	 the	 MO-PEF*,	 and	
the	PN-PEF*	 samples,	 respectively.	 For	 the	mash	














components	 from	 vacuoles	 following	 PEF	 treat-ment.
Tab. 2. The	total	polyphenol	content	(TPh),	the	total	flavonoid	content	(TFlav),	and	MAP	of	grape	
samples,	treated	and	untreated	in	PEF
Types of samples TPh (mg GAE/L) TFlav (mg QE/L) MAP (mg/L)
mMO 114.19e	±23.277 46.60c	±22.39 0.00d	±0.000
mMO_PEF 260.56d	±46.968 333.98c	±67.96 0.00d	±0.000
mMO_PEF* 1001.15b	±49.850 1946.56b	±6.03 0.00d	±0.000
mPN 162.44e	±22.566 139.16c	±46.05 25.94c	±0.665
mPN_PEF 512.40c	±1.299 737.28c	±28.54 60.96b	±2.029
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To	 better	 highlight	 the	 increase	 in	 bioactive	
compounds	 after	 the	 two	 PEF	 treatments,	 the	












capacity.	 The	 most	 important	 changes	 were	 ob-
tained	when	evaluating	the	homogenized	sample	









Types of samples DPPH FRAP ABTS
mMO 0.88c	±0.084 0.54e±0.068 0.72d	±0.179
mMO_PEF 0.95c	±0.134 0.81d	±0.028 0.84d	±0.111
mMO_PEF* 3.05b	±0.705 5.61a	±0.045 8.68a	±0.625
mPN 0.69c	±0.062 0.80d	±0.045 0.51d	±0.157
mPN_PEF 1.23c	±0.114 1.63c	±0.294 1.99c	±0.448























Using	 PEF	 treatment	 on	 grapes	 obtained	 by	
manual	declustering	and	crushing	resulted	in	sig-
nificant	 increases	 in	 bioactive	 compounds,	 and,	
implicitly,	 in	 the	 increase	 of	 the	 antioxidant	 ca-
pacity.	In	addition,	if	the	grapes	are	homogenized	






amount	 of	 bioactive	 compounds.	 An	 additional	
stage	in	the	technology	of	obtaining	types	of	wine,	
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